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Introduction
Caring for a frail or demented family member can be a significant life stressor. Older adult caregivers report higher levels of perceived stress and depression, and lower levels of satisfaction with life, joy, vigor, and content than healthy controls (Pinquart and Sörensen, 2003; Miller et al., 2008) . Moreover, caregivers show heightened levels of biological markers of inflammation (Wu et al., 1999) and reduced levels of cellular immunity (Kiecolt-Glaser et al., 1991; Damjanovic et al., 2007; Epel et al., 2010; Lovell and Wetherell, 2011) . Familial caregivers are often considered to be at risk of stress-related disease and general health decline (Gouin et al., 2008) . Some research suggests that psychosocial interventions for dementia caregivers reduce adverse effects of caregiver stress on physical and mental health (Schulz et al., 2002) . However, the pathways by which such psychosocial interventions differentially impact biological processes (e.g., inflammation) among caregivers remain poorly understood. Indeed, initial pilot studies suggest that psychosocial interventions delivered to caregivers may potentially improve immune function (Garand et al., 2002; Northouse et al., 2012) .
Stress signals interpreted by the central nervous system (CNS) can modulate the expression of immune response genes via the effects of hormones and neurotransmitters on gene transcription control pathways (Irwin and Cole, 2011) . Several previous studies have shown that diverse types of significant life adversity such as social isolation (Cole et al., 2007) , imminent bereavement (Miller et al., 2008) , posttraumatic stress disorder (O'Donovan et al., 2011) , chronic loneliness (Cole et al., 2007 , social threat , and low socioeconomic status (SES) Chen et al., 2009 Chen et al., , 2010 are associated with an upregulation of inflammation-related genes under the control of the transcription factor nuclear factor-kB (NF-kB)and a complementary down-regulation of innate antiviral genes targeted by Interferon Response Factors (IRFs) (Irwin and Cole, 2011) .
In the context of caregiving stress, one previous genomewide transcriptional profiling study has shown that monocytes from familial caregivers exhibit heightened expression of genes with response elements for NF-kB and reduced expression of genes with response elements for IRF relative to healthy controls (Miller et al., 2008) . These caregivers also showed relative elevations in the inflammatory markers C-reactive protein and interleukin-1 receptor antagonist. This limited literature suggests that psychological stressors experienced by older adult caregivers may alter gene expression that could promote chronic inflammation and undermine antiviral defenses. However, it is unknown whether psychosocial interventions can reverse such changes. This randomized controlled trial is the first to test whether a daily yogic meditation intervention can potentially reverse a pattern of pro-inflammatory and antiantiviral leukocyte transcriptional alterations that has previously been linked to chronic stress and adversity (Irwin and Cole, 2011) .
Meditation practices can lead to improvements in physical and mental health (Grossman et al., 2004; Black et al., 2009; Chiesa and Serretti, 2009 ). Moreover, initial pilot studies indicate that dementia caregivers who practice meditation show improvement in mental health indices such as depression and anxiety (Waelde et al., 2004; Van Puymbroeck et al., 2007; Pace et al., 2009) , which are indices associated with inflammatory markers such as IL-6 . Our recent study showed that meditation increased telomerase activity when compared to a relaxing activity, and it also modulated depression, mental health, and cognition in dementia caregivers (Lavretsky et al., 2012) .
Among healthy and depressed older adults, various forms of meditation with movement (e.g., Tai Chi) or without movement (e.g., breath-focused meditation) are shown to improve biological markers of immune function including reduced circulating levels of inflammatory markers (e.g., IL-6, CRP) Lavretsky et al., 2011 Lavretsky et al., , 2012 , increased cell-mediated immune response (e.g., varicella-zoster virus (VZV) specific cell-mediated immunity) (Irwin et al., 2003 (Irwin et al., , 2007 Irwin and Olmstead, 2011) , greater rise in antibody titers in response to influenza vaccine (Davidson et al., 2003) , greater rise in VZV specific response to vaccine (Irwin et al., 2007) and greater immune cell telomerase activity (Jacobs et al., 2011; Lavretsky et al., 2012) . However, the effects of meditation practice on gene expression pathways regulating immune function have not been explored among dementia caregivers.
The present study utilizes an in vivo genomics-based strategy to identify genes that are differentially expressed in immune cells in response to a daily yogic Kirtan Kriya Meditation (KKM) vs. Relaxing Music (RM) listening intervention among family dementia caregivers. The objective is to define upstream transcription-control pathways that mediate the differences in immune cell gene expression profile between treatment groups. We tested the hypothesis that KKM relative to RM would reverse the pattern of increased NF-kB-related transcription of pro-inflammatory cytokines and decreased expression of genes driven by interferonrelated transcription factors (i.e., IRF-1), as was previously observed in individuals confronting caregiving stress and other forms of significant life stressors (Cole et al., 2007 Miller et al., 2008 Miller et al., , 2009 Cole, 2008) . As such, we hypothesized pre-to post-intervention decreases in expression of NF-kB-related transcripts and increases in expression of IRF-1-related transcripts in KKM relative to RM. Promoter-based bioinformatic analysis implicated reduced NF-kB signaling and increased activity of IRF1 in structuring those effects (both p < .05). Conclusion: A brief daily yogic meditation intervention may reverse the pattern of increased NFkB-related transcription of pro-inflammatory cytokines and decreased IRF1-related transcription of innate antiviral response genes previously observed in healthy individuals confronting a significant life stressor. # 2012 Elsevier Ltd. All rights reserved.
Methods

Participants
Over a 12-month study period, a total of 69 family dementia caregivers were screened. Of those screened, 49 were eligible to participate in the study, and four were not interested in participating. Forty-five caregivers were recruited and randomized to the treatment conditions, and 39 completed 8 weeks of the interventions (see Fig. 1 for CONSORT-format flow of participants through the study). Criteria for study inclusion were: (1) being the primary caregivers of an elderly person, (2) being in contact with the dementia patient at least three days per week, and (3) agreeing to random assignment. Criteria for study exclusion were: (1) history of major depressive disorder, (2) history of any other psychiatric illness, (3) undergoing current depression treatment, (4) alcohol and/or substance abuse or dependence, (5) psychotropic drug use, (6) severe or acute medical illness, (7) acute suicidal or violent behavior, and (8) any other CNS disease or dementia. Exclusionary screening tools for mental health included the Structured Clinical Interview for the DSM-IVR (SCID) (First et al., 1995) , the Hamilton Rating Scale for Depression (HAM-D > 17) (Hamilton, 1960) , and the Folstein Mini-Mental State Examination (MMSE ! 26) (Folstein et al., 1975) .
Procedures
The UCLA Institutional Review Board approved all study procedures (registered ClinicalTrials.govtrial # NCT01537679). Eligible recruits provided written informed consent prior to enrolling in the study. Using a computer-generated randomization table, a treatment-blinded statistician randomized participants to either KKM or RM practice for 12 min daily for eight weeks. All participants were seen for 6 visits with baseline visit and behavioral assessments every 2 weeks during 8-week intervention. As a supplement to both treatment conditions, all participants received an educational manual about the prognosis of dementia and maintaining good health. Treatment compliance and satisfaction were monitored at each visit by interpersonal interview and daily diary.
Intervention 2.3.1. Kirtan Kriya Meditation (KKM)
The protocol for KKM is standard for the Kundalini Yoga practice as taught by Yogi Bhajan, which has been discussed in previous studies conducted among older adults (Newberg et al., 2010) and described in detail elsewhere (ARPFAlzheimer's Research and Prevention Foundation, 2011) . KKM is a 12-min yogic meditation chanting practice guided by an audio CD that is performed at the same time each and every day for a total of eight weeks. KKM progresses through a Due to lack of interest in the intervention or inability to commit to study schedule.
1 min of silently focusing inwards on the mind and body in the present moment, 11 min of mudras or repetitive finger movements while chanting ''Saa, Taa, Naa, Maa,'' meaning ''Birth, Life, Death, and Rebirth'' that are chanted first aloud, gradually softening into a whisper, and then silently. The meditation practice is completed with deep breathing and the visualization of light.
Relaxing Music (RM)
The RM protocol requested participants to relax in a quiet place with their eyes closed while listening to relaxing instrumental music provided to them on an audio CD for 12 min each and every day for eight weeks. Previous research indicates that music listening can induce a relaxation response both via selfreport and biological measures (Nilsson, 2008; Benson et al., 1974; Chang et al., 2011) . Given that KKM involves melodic chanting and focused attention that might induce a relaxation response, we used RM as an experimental control for the relaxation response and any other unknown psychosomatic responses elicited from rhythmic auditory sensation.
Analysis
General statistical analyses were performed in SPSS for Windows version 20 (SPSS Inc., Chicago, IL). Differences between groups at baseline on demographic, medical burden, and mental heath characteristics were assessed using t-tests for continuous measures and chi-square tests for categorical measures.
Gene expression profiling and analysis
Peripheral blood mononuclear cells (PBMC) were isolated by Ficoll density gradient centrifugation of antecubital venipuncture samples drawn between 10 and 11 am at baseline and 8 weeks later following the completion of intervention procedures. Genome-wide transcriptional profiling was carried out as previously described in 39 individuals who completed the study. Briefly, total RNA was extracted (RNeasy; Qiagen, Valencia, CA), tested for suitable mass (Nanodrop ND1000) and integrity (Agilent Bioanalyzer), and converted to fluorescent cRNA for hybridization to human HT-12 BeadChips (Illumina, San Diego, CA) following the manufacturer's standard protocol in the UCLA Southern California Genotyping Consortium Core Laboratory. Quantile normalized gene expression values were transformed to log 2 for genomewide general linear model analysis. Effects of the intervention on the gene expression outcomes were evaluated in a 2 (Condition: KKM vs. RM) Â 2 (Time: baseline to post-treatment, repeated measure) ANCOVA, controlling for sex, illness burden, and BMI (characteristics differing by chance across randomly assigned groups at p < .10). In both analyses, differentially expressed genes were identified by linear model parameter estimates exceeding a pre-specified effect-size cut-off (>1.2-fold difference across Conditions in the average magnitude of the Time effect). Substantively identical results emerged from preliminary differential expression analyses that did not control for any covariates (i.e., analyzing just the Condition x Time interaction and its constituent main effects). Differentially expressed genes were then analyzed by the TELiS transcription factor search engine (Cole et al., 2005) to assess the prevalence of transcription factor-binding motifs targeted by NF-kB (detected by TRANSFAC motif matrix V$CREL_01) and Interferon Response Factor 1 (IRF1; V$IRF1_01) in the promoter regions of genes that were relatively up-regulated over Time in KKM vs. RM, with results averaged over 9 parametric variations in motif scan stringency and promoter length. To identify the specific cell type mediating any observed difference in gene expression within the circulating leukocyte pool, Transcript Origin Analyses were carried out as previously described . In all bioinformatics analyses, the p < .05 level was used to test statistical significance. Table 1 presents the baseline demographic and clinical characteristics of intervention in 39 intervention completers. Groups were statistically equivalent at baseline across all measures assessed except for BMI; those in the RM vs. KKM condition had a higher mean BMI (M = 29.4 vs. M = 23.5, p = .001, respectively). As reported previously (Lavretsky et al., 2012) , the KKM group showed significantly lower levels of depressive symptoms and greater improvement in mental health compared with the RM group, following the intervention. In KKM, 65.2% of the participants showed 50% improvement on the Hamilton Depression Rating scale. Fifty-two percent of participants showed 50% improvement on the Mental Health Composite Summary score of the Short Form-36 scale. In RM, 31.2% of the participants showed 50% improvement on the Hamilton Depression Rating scale. Nineteen percent of the participants showed 50% improvement on the Mental Health Composite Summary score of the Short Form-36 scale. These proportions were significantly different across condition ( p < 0.05).
Results
To determine whether KKM vs. RM might reverse the social stressor-related pattern of increased pro-inflammatory gene expression and decreased antiviral gene expression, covariate-adjusted analyses compared the magnitude of pre-post change in gene expression across treatment conditions. Table 2 lists the set of 68 genes showing a >1.2-fold difference in changeover time between conditions (49 genes relatively down-regulated and 19 genes relatively up-regulated in KKM vs. RM). Up-regulated target genes found in KKM relative to RM included immunoglobulinrelated transcripts (e.g., IGJ, IGLL3) and multiple un-named genes of unknown function (LOC genes), whereas downregulated transcripts included pro-inflammatory cytokines (e.g., IL8) and activation-related immediate-early genes (JUN, FOSB). Based on a priori hypothesis, we also examined 3 other prototypical pro-inflammatory cytokines in addition to IL8 and found that 2 (IL1B and IL6) showed .94-fold reductions in KKM vs. RM, whereas one (TNF) showed a 1.07-fold increase.
Results from promoter-based bioinformatic analysis (see Fig. 2 ) indicate that KKM vs. RM treated participants showed reduced expression of genes bearing NF-kB-response elements ( p = .006) and increased expression of genes bearing IRF1 response elements ( p = .040). Transcript origin analysis identified differentially expressed genes as deriving particularly from plasmacytoid dendritic cells ( p = .002) and B lymphocytes ( p = .002). Figure 2 Promoter-based bioinformatic analysis. Notes. Data represent the log 2 -transformed mean (AEstandard error) folddifference in prevalence of transcription factor-binding motifs within promoters of genes up-regulated in KKM vs. RM conditions (genes listed in Table 2 ); NF-kB, nuclear factor-kB; IRF1, Interferon Response Factor 1.
Discussion
The results of this randomized controlled intervention study show that 8 weeks of structured daily yogic meditation can reverse the pattern of increased expression of NF-kB-associated pro-inflammatory genes and decreased expression of IRF1-associated genes, which were previously observed in healthy individuals confronting caregiving stress and other forms of significant life stressors/adversity (Cole et al., 2007 Cole, 2008; Miller et al., 2008 Miller et al., , 2009 ). Given that relatively few genes showed differential expression at even moderate effect sizes (>1.2-fold difference in average expression change across groups), our findings are not strikingly robust when viewed at the level of individual genes. However, the general pattern of results across the spectrum of small effects is highly non-random, and quite consistent with emerging themes in the social genomics literature regarding the general biological characteristics of gene modules regulated in association with social adversity (i.e., upregulation of pro-inflammatory signaling pathways and downregulation of antiviral pathways) (Schultz et al., 2007; Rohleder et al., 2009; Irwin and Cole, 2011) . Also consistent with previous social genomics research , our Transcript Origin Analyses identified plasmacytoid dendritic cells and B lymphocytes as candidate cellular mediators of the gene expression dynamics impacted by 8 weeks of yogic meditation. The present findings parallel another recent analysis of a randomized controlled cognitive behavioral stress management intervention for breast cancer patients in showing that positive psychological interventions can causally alter gene expression profiles in circulating immune cells toward a more salutary profile (i.e., less pro-inflammatory gene expression and greater expression of innate anti-viral response genes) (Antoni et al., 2011) .
Caregivers are known to report poorer mental health status (Pinquart and Sörensen, 2003; Miller et al., 2008; Lavretsky et al., 2010 Lavretsky et al., , 2012 and show more compromised biological immune profiles (Kiecolt-Glaser et al., 1991; Damjanovic et al., 2007; Epel et al., 2010; Lovell and Wetherell, 2011) than controls. Various forms of meditation practice have been shown to improve general health status (Grossman et al., 2004; Black et al., 2009; Chiesa and Serretti, 2009; Epstein-Lubow et al., 2011) . Our findings provide new insights into the gene regulatory mechanisms that may possibly underlie the effects of psychosocial interventions on health of dementia caregivers (Schulz et al., 2002) , suggesting potential beneficial change in gene expression and immune profiles associated with chronic disease and aging (Irwin et al., 2003; Davidson et al., 2003; Dusek et al., 2008; Jacobs et al., 2011; Irwin and Olmstead, 2011) .
In particular, the effects of Kirtan Kriya suppressing expression of inflammation-related genes and up-regulating expression of genes involved in antiviral and immunoglobulin responses in this sample might potentially counteract the adverse effects of caregiving on inflammation, antibody responses to vaccination, and resistance to viral infections documented in previous studies of caregiving (Glaser et al., 1998; Kiecolt-Glaser et al., 2003; Lavretsky, 2005; Damjanovic et al., 2007; Rohleder et al., 2009) . The current study advances this research by providing early evidence of the specific molecular pathways that might potentially contribute to differential health outcomes. However, future intervention research is needed to replicate these results and add direct measures of immune function, mediating cell types, transcription factor activation, and health outcomes to supplement the gene regulatory profiles and promoter-based bioinformatics analyses utilized here.
Limitations of this study include a small sample size with results based on a completer analysis, which may account for the relatively low number of significantly up-regulated and down-regulated genes. Although, on average, caregivers in our study scored the same or higher on the distress measure (RMBP-distress) compared with other studies of caregiver stress, we excluded those with major depression. Our sample of caregivers was restricted to those with mild-to-moderate depressive symptoms that may be not generalizable to caregivers with major depression. Our results need to be replicated in a larger sample to document the effects of meditation on inflammation, antiviral responses, immunoglobulin production, and underlying gene expression. Moreover, the genomic effects found were mainly small when considered individually; however, when grouped, the biological themes that emerged across those individual changes suggest that the meditation intervention may have reversed some of the pro-inflammatory and anti-antiviral transcriptional bias previously associated with chronic stress (Irwin and Cole, 2011) . Thus, the pattern of differential gene expression observed here is consistent with that emerging from other analyses of social adversity and its reduction by psychological interventions. Although BMI values significantly differed at baseline, BMI was not related to variables of interest at baseline and BMI did not change during the short period of the intervention. Nevertheless, we explored any potential role of baseline BMI by statistically controlling for group differences. Finally, due to the group differences in changes in gene expression in our study, we were able to discern differences between the effects of KKM compared to a relaxation response in the RM comparison group. However, it remains difficult to pinpoint the specific components of KKM (e.g., chanting, breath-focused meditation, or mudras) that are responsible for these group differences. Although these limitations are important to consider in the interpretation of the results presented and in future research, this study is among the first to show that daily meditation practice might reverse the known detrimental effects of stress/ adversity on the general transcription control pathways driving gene expression.
